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ABSTRACT 


The  design  and  the  calibration  of  ?  mm  and  3  mm  O.D.  shielded  thermo¬ 
couple  total  temperature  probes  are  described. 

The  ?  mm  O.D.  probe  recovery  factor  Is  0.985  *  0.005  and  the  2  mm 
0.0.  one  is  0.975  ‘  0.005  up  to  flow  Mach  number  of  3.5.  The  probe  response 
Is  only  slightly  dependent  of  Reynolds  number.  By  positioning  of  the  thermo 
couple  junction  at  the  vent  holes  position  Its  output  becomes  sensitive  to 
disturbances,  such  as  shock  waves  in  the  flow.  This  characteristic  of  the 
probe  can  bo  useful  In  mapping  of  discontinuities  In  complicated  flow  fields 
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thermocouple  position  in  relation  to  the  vent  holes  position. 
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In  principle  the  temperature  inside  a  pitot  tube,  where  tho  flow  is  hrouqht 
to  rest  at  equilibrium,  should  be  the  staqn.it  inn  temperature,  and  could  ho  measured 
by  a  temporature  transducer  placed  inside  1  he  tube.  The  difficulty  is  that  in 
practice  equilibrium  does  not  exist,  since  boat  Is  lost  by  conduction,  convection 
and  by  radiation  from  tho  transducer  and  the  probe  walls.  Thus  the  transducer 
responds  to  a  temporature  T^_  (recovery  temperature )  which  is  lower  than  the 
staqnation  temperature.  This  recoverv  temperature  depends  on  the  prohn  con f I qurat i on , 
conductivity  and  reflectivity  of  Iho  probes  walls,  flow  conditions  about  tho  probe 
walls,  construction  materials  ole.  It  will  bo  shown  that  such  a  probe,  can  be 
specially  designed  to  respond  as  well  to  various  disturbances  in  the  flow  field  such 
as  shock  waves,  shear  or  entropy  discontinuities  etc.  In  tho  present  investiqatlon 
total  temperature  probes  are  developed  for  studies  of  the  flow  field  in  the  supersonic 
near  wake.  These  probes  should  have  recovery  factor,  r  close  to  unity  which  Is 
also  almost  Independent  of  Mach  and  Reynolds  number  variation.  The  probes  must  be 
of  small  dimensions  so  that  a  qood  resolution  can  be  obtained  with  minimum  disturbance 
to  the  wake  flow.  A  successful  total  temperaturo-sh i o I ded  thermocouple  probe  was 
doslqned  and  built  at  MOL  by  E.  Winkeler  (Ref.  I).  This  probe  had  qood  characteristics 
but  Its  dimensions,  G  mm  0.0.,  are  larqo  for  most  near  wake  measurements.  In  tho 
present  investigation  probes  of  3  mm  and  2  mm  0.0.  were  built  and  studied.  It  will  be 
shown  that  those  2  mm  and  3  mm  0.0.  probes  have  almost  comparable  character! sties  to 
the  G  mm  one  of  Ref.  I.  The  smaller  probes  ran  be  made  sensitive  to  flow  discontinuities, 
so  that  these  can  bo  also  used  for  flow  field  mappinq  (Ref.  2). 
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The  drawinq  and  a  photnar iph  of  the  mm  n,n.  probe1  ire  ,hown  in  Fiqures  la  arid 
lb  respectively.  The  dimensions  of  the  probes  .ire  q  i  von  in  Table  I. 
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The  qlass  shield  is  coated  with  shininq  pi  >l.mim  paint  (M.movia  paint  type  XX)  baked 
at  700°  0.  The  thermocoup  le  is  made  of  53  qaoe  iron-constant  thermocouple  wires 
packed  in  a  stainless  steel  tube  filled  with  inserted  through  a  teflon  plun. 

The  thermocouple  junction  is  obtained  bv  spot  welding  in  a  mercury  bath.  The  junction 
diameter  is  about  l.l  times  larqer  than  the  wire  diameters.  The  probe’s  head  is  q  I  ued 
by  epoxy  resin  to  the  stainless  steel  probe  holder.  The  stainless  stell  tube  on  which 
the  probe  bead  is  mounted  is  tent,  knee  shape  (see  Fiq.  I),  so  that  the  probe  holder 
and  support  are  kept  outside  the  wake  teqion. 

THF  SHIFlcm  THFRMOCOUIM  f  Pl’Qi'F'i  QIARACTf  R I  S  T I  T'S 

The  recovery  factor  of  I  lie  shielded  thermocouple  probe  is  defined  as 
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where  Tj  -  Recovery  Temperature  Inside  the  Rrobe 

r 

T  -  Staqnafion  Temperature 

T  -  Static  Temperature 

The  recovery  factor  is  determined  hy  the  balance  of  tho  losses  due  to  con¬ 
duction  and  radiation  and  the  ra+o  of  heat  addition  from  the  free  stream  to  the 
probe,  T  ne  losses  can  be  evaluated  approximately  from  the  known  properties  of  the 
probes’  materials  and  rate  of  heatinq  as  shown  In  Fir).  2.  It  is  seen  that  for 
moderate  heat  transfor  rates  to  tho  probe  external  surfaces  total  temperature 

deficiencies  of  the  order  (yi)  +  (^0  =>  2 $  to  5$  can 

T  convection  radiation 

be  expected.  Tho  recovery  factor  values  depend  in  qeneral  on  the  Mach  number  and 
Reynolds  number,  lor  convenience  in  use  particularly  in  non-uniform  flow  regions 
(such  as  In  the  wake  reqion)  it  is  desirable  to  have  a  probe  with  a  calibrated 
recovery  factor  which  will  be  insensitive  to  the  variation  of  these  flow  parameters. 

The  present  probes  were  desiqned  to  minimize  the  effects  of  Reynolds  number  variation 
on  the  recovery  factor  and  only  a  small  effect  cl  Mach  and  Reynolds  numbers  is 
detected.  The  measured  recovery  factors  are  0.R85  *  0.005  and  0.R75  «  0,005  for  the 
3  mm  0.0.  and  2  mm  0.0.  probes  respectively.  The  variation  of  the  probes  output  is 
Shown  in  Fiqs.  3  and  4  as  a  function  of  Mach  number  and  Reynolds  numbers.  The  recovery 
factor  dependence  on  the  ratio  of  the  vent  holes  area  and  frontal  hole  area  is  shown 
in  Fiq.  ->.  It  can  be  seen  that  vent  holes  area  of  35$  to  50$  are  desired  fee  the 
3  mm  probe  while  50$  to  80$  are  needed  for  the  2  mm  probe,  while  the  6  mm  probe  required 
only  20$  open  vent  area  (Ref.  I). 
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The  response  time  of  the  probe  is  important  tor  transient  measurements  and  also 
for  measurements  of  temperature  d i str i but i on  using  a  traversing  mechanism.  The  time 
response  constant  t  for  the  3  mm  probe  is  estimated  to  ho  about  0.?7  sec,  while  for 
the  2  mri  one,  the  value  is  about  0.2  sec.  These  response  times  are  reasonable  and 
enable  recording  of  large  number  of  temperature  points  during  a  traverse  of  few 
minutes  during  the  wind  tunnel  test. 

An  additional  feature  of  the  shileded  thermocouple  probe  is  its  sonsitivi+y  to 
disturbances  in  the  flow.  When  the  probe  crosses  a  disturbance  (such  as  a  shock  wave 
or  a  thin  shear  layer)  its  recovery  factor  changes  abrutly  by  the  severe  changes  In 
the  heat  transfer  rates  due  to  the  disturbed  flow  configuration  in  and  about  the  probe. 
This  character i st i c  of  tho  probe  can  be  used  for  detection  of  disturbances  In  a  flow 
field.  It  was  found  that  the  change  in  the  recovery  factor  may  be  made  positive 
(indicating  "higher"  temperature)  or  negative  ("lower"  temperature)  or  even  neutral 
depending  on  the  position  of  the  thermocouple  junction  in  relation  tc  the  vent  holes 
position.  The  magnitude  of  the  response  of  the  probe  to  the  disturbances  is  determined 

In  the  present  investigation  at  the  jump  of  the  probe's  response  as  it  traverses  the 

trailing  shock  and  entropy  layer  at  a  fixed  station  in  the  wake  of  a  wedge- flat  plate 
model.  A  typical  probe's  response  at  this  position  is  shown  in  Fig.  6.  Probes  with 
varying  thermocouple  junction  position  are  tested  at  the  same  wake  station  and  the 
probe  sensitivity  to  the  wake  disturbances  is  measured.  The  results  of  this  measure¬ 
ment  tar  the  3  mm  probe  is  shown  in  Fig.  7.  It  is  seen  that  when  the  junction  Is 

positioned  near  the  probe's  entrance  the  probe's  output  is  reduced  as  the  probe  crosses 

the  disturbance  while  beyond  about  1/3  distance  towards  the  vent  holes  this  output  be¬ 
comes  neutral  and  then  becomes  positive  as  the  thermor.oup'e  junction  is  moved  towards 


the  vent  holes.  The  maximum  sonsltitvltv  Is  obtained  when  the  junction  is  at  the 
vent  hole  position,  Similar  results  are  obtained  also  in  the  case  of  the  2mm  O.D. 


probe.  The  use  of  these  probes  for  wake  flow  mapping  Is  shown  in  Reference  2. 

Further  miniaturization  of  the  probe  desiqn  can  bo  obtained  by  usinq  new 
technique  for  manuf acturl nq  such  as  by  use  of  now  tools  for  drillinq  holes  in 
qlass  etc.  These  miniature  probes  can  be  used  for  boundary  layer  studies  and 
can  be  useful  as  additional  tools  to  the  qenerally  used  hot  wire  techniques. 
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FIG  I  DIAGRAM  OF  THE  2mm  TOTAL  TEMPERATURE  PROBE 


FIG.  2  ESTIMATES  OF  TOTAL  TEMPERATURE 
ERROR  DUE  TO  CONDUCTION  AND  RADIATION 
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FIG.3  TOTAL  TEMPERATURE  PROBES  RECOVERY  FACTOR 
AS  A  FUNCTION  OF  FLOW  MACH  NUMBER 
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FIG.  5  RECOVERY  FACTOR  DEPENDENCE  ON 


THE  RATIO  OF  VENT  HOLES  AREA 
TO  FRONTAL  HOLE  AREA 
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FIG. 6  RECOVERY  TEMPERATURE  PROFILES  IN  THE  TURBULENT 
NEAR  WAKE  BEHIND  A  BLUNT  TWO  DMENSIONAL  BASE  AT 

M  =  2.25 


TEMPERATURE  PROBE  RESPONSE  AT  A  SHOCK 
AS  A  FUNCTION  OF  THERMOCOUPLE 
JUNCTION  POSITION 


UNCLASSIFIED 

Security  Claooi  fication 


(lonir  ci— iw««h—  at  i 


i  oniainatimo  activity  (Cm 


DOCUMENT  CONTROL  DATA  •  RAD 

Mr  at  iMutl  M  MmIi|  mvMNm  awcl  Ac  WM 


TECHNION  RESEARCH  AND  DEVELOPMENT  FOUNDATION 
AERONAUTICAL  END  INFER I NO  LAPORATORY,  HAIFA, ISRAEL. 


1  NS  NON  T  TITLI 

SMALL  SHIELDED  TERMOCOiPLE  TOTAL  TEMPERATURE  PROOFS 


4  OKSCNINTIVS  NOTH  (Typa  cl  rapati  cntf  taataalaa  *M) 

Scientific  Interim  Report  No.  6. 


i  Me  ctcmM  icpcH  «c  OmcIHcNI 


>NT  IICUNIT*  C  LAMtNICATlC 

Unclassified 


•  AUTMONflJ  ILhI  i 


4  NINO  NT  DAT! 


I*  tmtUali 


December  1067 


Rom  Josof 
Kronzon  Ylqal 


•  c  CONTNACT  ON  ONANT  MO. 

F  61052  67  C  0033 

a  nnojiCT  mo. 


•c.  ONTO  IMA  TON'S  NINONT  MUHItNIJ 


TAE  RE°OPT  No.  70. 


7063 

•• 

61445014 

•a. 

4. 

601307 

Net  may  Ac  MC)»C< 


IN  A  VAIL  ANILITY /LIMITA  TION  MOTICCt 

This  document  has  been  approved  for  public  release  and  sale;  It 
distribution  Is  unlimited 


M  SUNNLSMINTANV  notus 

It-  SNOMSONIMO  MILITANT  ACTIVITY 

TECH,  OTHER 

Aerospace  Research  Laboratories  (ARM) 
Wriqht-Rattorson,  AFn,  Dbio,  45433. 

II  aoitnact 
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